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METHOD FOR THE MANUFACTURE OF CYANOPYRIDINES AND 
CATALYSTS SUITABLE THEREFOR 

DESCRIPTION 

5 The invention relates to a method for the manufacture of cyanopyridines and 

catalysts suitable therefor which contain vanadium and phosphorus. 

Several methods for the manufacture of cyanopyridines from methylpyridines 
by the reaction with ammonia and oxygen are known. They are distinguished by the 
10 reaction conditions and in particular by the catalysts. Of these methods only those 

which have a very good space-time-yield and simultaneously a high selectivity are of 
significance for use on a commercial scale. 

It is known from EP 0 726 092 Bl that the requirements are satisfied by 
15 catalyst systems of the general summation formula 

Sb a V b Ti c XldX2 e Of 

These catalysts are however quite complicated and expensive to manufacture. 

20 

It is known from DE 198 04 839 Al and from DD 241 903 Al that catalysts of 
the formula (N^MVOMPiOv) ^ or (VO) 2 P 2 0 7 belong to the class of VPO catalysts 
which can be used for the ammoxidation of aromatic compounds. These catalysts 
require relatively high reaction temperatures of more than 440°C in order to achieve 
25 conversions greater than 90%. 

The object of the present invention is to develop a method for the manufacture 
of cyanopyridines through the catalytic reaction of methylpyridines with ammonia 
and oxygen at elevated temperature while using VPO catalysts which lead to a very 
30 good space-time-yield (at high conversion levels) and selectivity at reactor 

temperatures up to 440°C and which are simple and reproducible to manufacture. 

This object is satisfied by VPO catalysts of the general formula 
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[ViP a X b (Y) c O d ]e[Z] f? in which 

a = 0.1-2.5 

5 b = 0-3.0, in particular 0.001-3.0 

c = 0.1-10 

d = depends on the valency of the other elements 
e = 5-100 (% by weight) 

f = 95-0 (% by weight), in particular 95-5 with the provision that b and f are 
1 0 not simultaneously 0 

X = Cr, Mo, W, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Zn or Nb 

Y = cyclic nitrogen compound, 

Z = SiC>2, AI2O3, ZrC>2 or T1O2 or their mixtures, 

1 5 which can be manufactured in that one brings vanadium pentoxide (V2O5) and 80 to 
85% phosphoric acid to a reaction in an organic medium with reflux conditions, filters 
off the catalyst precursor which forms, dries it at 80°C to 140°C and subsequently 
calcines it preferably for 1.5 to 4 h at 300°C to 600°C, more preferably at 350°C to 
480°C, flows a gas consisting of inert gas such as for example argon, helium or 

20 nitrogen which is saturated with the vapor of a cyclic nitrogen compound at a 

temperature of 0 to 80°C, in particular 15 to 45 °C over the vanadium phosphate so 
obtained at a temperature of 100 to 300°C, in particular 160 to 250°C, for 0.1 to 10 
hours, in particular 0.5 to 3 hours and subsequently cools it down. 

25 The flow rate preferably amounts to 5 - 20 1/h. 

After the cooling to room temperature the catalyst contains 0.1 to 5 % by 
weight, in particular 0.5 to 3 % by weight of the organic cyclic nitrogen compound, 
predominantly bound as cation. 



30 



The organic cyclic nitrogen compounds are preferably 6-membered rings such 
as for example pyridine, quinoline, pyridazine, pyrimidine, pyrazine and in particular 
picoline (3-methylpyridine). 
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The organic medium consists in general of the mixture of an aromatic alcohol 
and an aliphatic alcohol in the volume ratio 2: 1 to 1 : 3, in particular 1 : 1 to 1 :2. Benzyl 
alcohol and benzyl alcohols illustratively bearing 1 to 3 alkyl substituents, each 
containing 1 to 3 C-atoms, preferred are methyl groups, are suitable as cyclic 
5 alcohols. C2-C8 alcohols also with branched chains, in particular n-butanol, are used 
as aliphatic alcohols. 

In this mixture V2O5 and phosphoric acid are present at the start of the reaction 
in a molar V:P ratio of 1 :0. 1 to 1 :2.5, in particular 1 :0.7 to 1 : 1 .5. 

10 

In order to provide the catalyst with further transition metal oxides or mixed 
oxides which are active as promoters, aqueous or alcoholic solutions of salts of these 
transition metals X are manufactured. These are preferably such with anions, such as 
carbonate, nitrate, oxalate or acetate which are removed by heat treatment from the 
1 5 solid body. With these solutions the optionally dried catalyst precursor is 
impregnated and the excess solution is separated off. 

The impregnated catalyst precursor is then dried at 80 to 140°C for 6 to 24 h 
and is optionally formed prior to the calcining. 

20 

A support material is advantageously mixed with the impregnated or non- 
impregnated powder, which is in general SiG>2, Ti0 2 , AI2O3 or ZrC>2 or mixtures 
thereof. 

25 The powder is mixed intimately in the desired quantity, generally in the 

quantity ratio 20: 1 to 1 : 20 with the support component and is ground in a customary 
mill. 

The mixture that is obtained is subsequently calcined at a temperature of 
30 300°C to 600°C, preferably at 350 to 480°C for up to 48 h. For this purpose one 
advantageously uses a nitrogen/oxygen mixture in the composition 1:0.1 to 1:10. 
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In any event the introduction of the organic cyclic nitrogen compounds into 
the catalyst takes place after the calcining before the start of the actual catalytic 
conversion. The method for the manufacture of the catalyst is likewise the subject of 
the invention. 

5 

The catalyst can be used in all suitable reactors for carrying out a 
heterogeneously catalyzed gas phase reaction. Thus, for example, a continuous solid 
bed reactor, a stirring vessel, a fixed-bed reactor, a moving bed reactor, or a slurry- 
phase reactor can be used. 

10 

The catalyst is preferably used in methods for the manufacture of 
cyanopyridines, illustratively 3-cyanopyridine, by the catalytic conversion of a methyl 
pyridine, illustratively 3-methylpyridine, ammonia and oxygen at a temperature up to 
440°C, in particular up to 400°C. 

15 

The methods described in EP 0 059 414 Bl, in EP 0 070 395 Bl and EP 0 726 
092 Al belong, for example, to the manufacturing methods for 3-cyanopyridine. 



In accordance with EP 0 059 414 Bl the conversion of 3-methylpyridine with 
20 ammonia and oxygen to 3-cyanopyridine takes place in normal maimer in the gas 
phase. For the selection of the reaction conditions a wide scope is present. The 
conversion is principally effected without the application of pressure or at a low over- 
pressure of up to about 3 bar at temperatures between about 320 and 460°C, 
preferably temperatures between 340 and 440°C. The oxygen that is required can be 
25 supplied with advantage as air and water vapor can also be admixed to the gases. The 
quantity ratio of 3-methylpyridine to ammonia, oxygen, or air and optionally to water 
vapor can be selected in wide limits. In general it is expedient to use, for each mole 
of 3-methylpyridine, about 2 to 10 moles, preferably 3 to 8 moles ammonia, about 10 
to 40 moles, preferably 25 to 35 moles, of air and approximately 0 to 10 moles, 
30 preferably 0 to 8, moles of water vapor. For each liter of bulk volume of the catalyst 
and per hour approximately 1 to 3 moles of 3 methylpyridine is expediently fed into 
the reactor. 
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In the examples % signifies percentages by weight so far as nothing different 
is stated. 

The following terms are used in the following examples: 

5 

Conversion = (moles of converted hydrocarbon/moles of hydrocarbon 
used) * 100% 

Yield = (moles of produced product/moles of hydrocarbon 

used) * 100% 

1 0 GHS V = gas hourly space velocity = (the volume of the fed-in 

gas/time x bulk volume of the catalyst) [1/hl = 1/h] 
Selectivity = (yield/conversion) * 100 

Examples 

1 5 Catalyst manufacture 

Example 1 (catalyst A, comparative example) 

In accordance with the statements in Inorg. Chem., 23 (1984) 1308, the 
hemihydrate of the oxovanadium(IV)-hydrogenphosphate VOHPO4 - 0.5 H 2 0 is 
manufactured in the aqueous medium. This catalyst precursor was dried at 120°C for 
20 24 h and converted into the oxovanadium diphosphate (VO) 2P2O7 by 3 hour calcining 
at 450°C in nitrogen/oxygen mixtures. 

Example 2 (catalyst B) 

The oxovanadium diphosphate can be manufactured in organic solvents by 
25 stirring a mixture of 0. 1 mole (1 8.2 g) V 2 0 5 suspended in 1 10 ml n-butanol and 73 ml 
benzyl alcohol with refluxing for 3 h. Subsequently, stirring is continued over night 
at room temperature, thereafter 85 phosphoric acid is added in a stochiometrically 
adequate quantity and stirring is carried out again for a further 2 h with refluxing and 
the catalyst precursor formed is filtered off at room temperature, is washed several 
30 times with ethanol and is finally dried for 24 h at 120°C. After 3 h of calcining at 
450°C in the nitrogen/oxygen mixtures one obtains the oxovanadium diphosphate 
(V O) 2P2O7, as in example 1 . 



WO 2005/016505 



-6- 



PCT/US2004/024939 



Example 3 (catalyst C) 

In accordance with this example the manufacture of supported catalysts takes 

place: 

5 For this purpose one terminates the syntheses described in examples 1 and 2 

upon isolation of the catalyst precursor (i.e. before the final calcining). Titanium 
dioxide (anatase) powder (B.E.T. surface ca. 100 m 2 /g) is mixed in the weight ratio 
3 : 1 with the powder of the catalyst precursor in accordance with example 1 or 2 
(VOHPO4 -0.5 H 2 0) and is ground intimately in an agate stone mill and also 
10 subsequently in an electrical mill (5-10 min). Thereafter the catalyst composition is 
pressed, is broken and a screen fraction of ca. 1 - 1.25 mm in diameter is recovered. 
This fraction is calcined for 3 h in nitrogen/oxygen mixtures at 450°C and contains a 
vanadium phosphate, mainly as (V O^PzOz. 

1 5 Example 4 (catalyst D) 

Catalysts in accordance with example 3 can also be mixed with transition 
metal promoters. For this purpose the catalyst precursor of example 1 or 2 is 
promoted before the mixture with the support component takes place. The 
manufacture of the promoted catalyst precursor is described in the following for an 
20 iron promotion: 

0.1 moles of the catalyst precursor (VOHPO4 • 0.5 H 2 0) obtained in 
accordance with example 1 or 2 respectively are impregnated with 0.05 moles 
iron(III)-acetate (dissolved in ethanol or water). Thereafter the solvent is evaporated 
and the residue is dried at 120°C for 16 h and subsequently calcined. 

25 

Example 5 (catalyst E) 

The catalyst precursor manufactured in example 4 is mixed as described in 
example 3 in the ratio 1 :3 with titanium dioxide (anatase) powder and is ground as 
described. After drying and calcining (as in example 3) one obtains a supported and 
30 promoted catalyst which contains a vanadium phosphate, mainly as (VO) 2 P20 7 . 

Example 6 (catalyst F) 
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The oxovanadium phosphate of example 2 with a particle size range of 1 - 
1 .25 mm is placed in a reaction tube and heated up to 200°C in steps of 10°K/min 
with a gas flow of 10 1/h of argon (saturated at room temperature with 3-picoline) for 
a period of 2 h. Thereafter cooling to room temperature takes place in the argon 
5 stream. The treated catalyst contains as an additional component 3-picoline 
(predominantly as cation) which can be proven with respect IR-spectra and by 
elementary analysis. The sample contains ca. 1.5 % picoline, predominantly as 
picolinium cation. 

1 0 Example 7 (catalyst G) 

The catalyst support of example 3 is treated with an argon/3 -picoline stream as 
described in example 6. After the treatment the catalyst contains ca. 2 % 3-picoline, 
predominantly as picolinium cation. 

1 5 Example 8 (catalyst H) 

The iron promoted support catalyst of example 4 is, as described in example 6, 
treated with an argon/3 -picoline stream. After the treatment of the catalyst contains 
ca. 2% 3-picoline, predominantly as picolinium cation. 

20 Manufacture of 3 -cyanopyridine 
Examples 9 to 15 

A quartz fixed-bed reactor was loaded with 5 g of catalyst chips mixed 1:1 
with corundum. 3 -Picoline and optionally water are pumped into the reaction gas 
stream of air and ammonia and vaporized. The reaction conditions and vapor 

25 composition of the gases that are used can be seen in Table 1 . Sampling takes place 
10 min after the start of the reaction. The reaction products were analyzed by gas 
chromatography and quantified. The results are likewise set forth in Table 1. The 
tests 9-13 on non-pre-treated catalysts resulted in a picoline conversion of ca. 50 %, 
10 min after the start of reaction, whereas it is shown in tests 14-15 that catalysts 

30 which predominantly contain picolinium cation following pre-treatment already reach 
a conversion > 95 % directly after the start of the reaction. The selectivity of the 
reaction to 3 -cyanopyridine is high in each case, at > 85 %. 
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Comparative example with catalyst A 

A quartz fixed-bed reactor was loaded with 5 g of catalyst A chips mixed 1 : 1 
with corundum. 3 -Picoline and optionally water are pumped into the reaction gas 
5 stream of air and ammonia and vaporized. The operation took place with the 

following mole ratio: 3-picoline : ammonia : air : water = 1 : 4.4 : 28.4 : 8.5. At a 
catalyst temperature of 355°C and a contact time of 1 .5 s a 3-picoline conversion of 
35 % was determined, the yield of nicotinonitrile lay at 29 which corresponds to a 
selectivity of 84 %. 

10 

The catalyst was gassed prior to use with a stream containing picoline and the 
test was carried out subsequently in the manner quoted above. 

In a second test the operation took place with the following molar ratio: 3- 
15 picoline : ammonia : air : water = 1 : 4.6 : 29.4 : 8.9. At a catalyst temperature of 
362°C and a contact time of 1 .5 s a 3-picoline conversion of 43 % was determined. 
The yield of nicotinonitrile lay at 35 %, which corresponds to a selectivity of 82 %. 
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Examples 16 to 22 

The method as described in the examples 9 to 15 was continued, except that 
the reaction products are determined after 6 h. Under the same reaction conditions the 
following results were then obtained 

5 



Example 


Catalyst 


Conversion 
[Mole%] 


Yield 
[Mole-%] 


Selectivity 
[Mole-%] 


CO 

[Mole-%] 


co 2 

[Mole-%] 


16 


B 


62 


55 


88 


6 


4.8 


17 


C 


63 


57 


90 


3 


4.6 


18 


D 


62 


56 


90 


2 


4.3 


19 


E 


65 


60 


92 


3 


4.4 


20 


F 


95 


80 


84 


5 


5.0 


21 


G 


98 


84 


86 


5 


4.3 


22 


H 


99 


99 


100 







It is shown that the picoline conversion for the non-pre-treated catalyst has 
already risen by up to 10 %. The pre-treated catalysts furthermore show the same 
10 high performance as at the start. The used catalysts of examples 16 to 19 now show 
demonstrable proportions of 3-picoline built into the lattice, as can for example be 
determined by infrared spectroscopy. 

The foregoing discussion discloses and describes merely exemplary 
1 5 embodiments of the present invention. One skilled in the art will readily recognize 
from such discussion, and from the accompanying drawings and claims, that various 
changes, modifications and variations can be made therein without departing from the 
spirit and scope of the invention as defined in the following claims. 



20 



All references cited herein are incorporated by reference as if fully set forth. 
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Claims 

A VPO catalyst of the general formula: 
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[ViP a X b (Y) c O d ]e[Z]f 5 in which 

5 

a - 0.1-2.5 

b - 0-3.0, in particular 0.001-3.0 

c = 0.1-10 

d = depends on the valency of the other elements 
10 e 5-100 (% by weight) 

f = 95-0 (% by weight), in particular 95-5 with the provision that b 
and f are not simultaneously 0 

X = Cr, Mo, W, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Zn or Nb 
Y = cyclic nitrogen compound, 
15 Z Si0 2 , A1 2 0 3 , ZrG 2 or TiG 2 or their mixtures, 

manufactured in accordance with a method in which one carries out the 
following steps: 

a) converting V2O5 and concentrated phosphoric acid in an organic 
medium under reflux conditions, 
20 b) separating off catalyst precursor that forms and optionally 

c) drying at 80 to 140°C, 

d) impregnating the optionally dried catalyst precursor with an aqueous or 
alcoholic solution of the metal X, with X having the significance quoted above, 

e) separating off excess solution, 

25 f) drying and calcining the impregnated material, and 

g) optionally forming the catalyst obtained. 

2. The VPO catalyst in accordance with claim 1 , characterized in that the 
catalyst contains Si0 2 , A1 2 0 3 , Zr0 2 or Ti0 2 or their mixtures as a support. 

30 

3. The VPO catalyst in accordance with claim 1, characterized in that the 
catalyst contains 0.01 to 5 % by weight of an organic cyclic nitrogen compound. 
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4. The VPO catalyst in accordance with claim 3, characterized in that the 
catalyst contains as the nitrogen compound a compound selected from the group 
pyridine, quinoline, pyridazine, pyrimidine, and pyrazine. 

,5 5. The VPO catalyst in accordance with claim 3, characterized in that the 

catalyst contains 3 -methy lpyridine as the nitrogen compound. 
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6. A method of use of the catalyst in accordance with claims 1 to 5 for the 
manufacture of 3-cyanopyridine by conversion of 3-methylpyridine with ammonia 
and oxygen at temperatures up to 440°C. 



